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NATIONALADVISORY COMMITTEEFOR AEROiWTll!ICS.

RESEARCHMEMORANDUM

SJMBILITYAND CONTROLDAl!ACECKUWD FROM

FIRSI FLIGET OF X4 KCRPUNE

By HubertM. Drake

SUMMARY

.NACA instrumentationhas been instsUed in the X4 airplanesto
obtain stabilityand controldata during the Northrop conducted
acceptancetests. The results of the first flight of the X4 numbsr 1
airplaneare presented in this repoz-t.These data were obtainedfor a
center-of-gravitypositim of about 22 percent of the mean aerodynamic
chord. A maximum indicatedairspeedsnd pressurealtitudeof 290 miles
per hour smd 11,000 feet, respectively,were obtainedduring the flight. *

Results of the flight indicatedthat the airplaneis slightly
unstable,stick fixed, in gear-q, flap-p configurationfor a center–

)

of-gravitypositionat 21.4 percent of the man aerodynamicchord. The
pilot repartedthat it was difficultto maintain steadyflight in this
configuration. There was no indicationof a snakingor lateral oscil-
lationfor the speed range covered. For gesm+iownconfigurationat low
lift coefficientswith the center of gravityat 22.4 and 21.6 percent
of the mean aerodynamicchord the airplsmewas longitudinallystable;
however,at high lift coefficients,it was indicatedthat the airplane
was longitudinallyunstable. The rudder effectivenessappearedto be
low in the gea140wn, lmpeed conditia. The -U rate of rudder
motion of 25° per secondavailablewith the present control systemwas
consideredby the pilot to be too SIUW.

.

INTRODUCTION

As a part of the Ab+Force – Navy -lWCA transonicflight research
pro~am, the NorthropCompanyhas constructedthe X4 airplane. This
airplaneis intendedfor performingresearchon a taillessconfiguration
at high subsonicMach nwibgrs.

NACA recordinginstmmentation has been installedin the airplane
to provide data on stabilityand controlcharacteristicsduring the
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Northropconductedacceptance
obtainedon the first flight,

am NAC~RMNo. L9A31

tests. The presentreport gives data
made December16, 1~, with the center

of gravity at about 22 percentman aerodymmic chord. The speed range
coveredwas from 225 miles per hour to 290 miles per hour at 11,000 feet
pressurealtitudein the clesm conditionand fra 145 miles per hour
to 210 miles per hour in the getiown caaditim at 2200 feet pressure
altitude. .

smBoLs

‘VT indicatedairspeed,miles per hour

P sideslipsingle,degrees

be elevan angle, degrees

br rudder angle, degrees

q dynamic pressure,pounds

s wing area, squarefeet

w airplsmeweight, pounds

per sqpsrefoot

c (Jairplaneno-rmal-forcecoefficient ~
n \qs)

n normal acceleration

subscripts:

R, L right and left elevens,respectively

The NorthropX2 airplaneis a semi-taillessresearch airplane
having a verticaltail but no horizontaltail surfaces. It is lowered
by twa Wes[i@.ouse J3&W&7+ engines and is designedfor flight
research in the high subsonicspeed range. Photo~aphs of the airplane
are presentedas figure 1 and a three-vimidrawing as figure 2. Table I
lj:~+~:+;ky+physicalchmacteristics of t% airplane.
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Because of the small size of the X-k airplaneand the instrumen–
tation requirenmntsfor the Northrop structureand engine temperature
measuremmts it was possibleto installonly a minhum of stability
and controlinstrumentation. StandardNACA intezml instrumentsrecord
altitude,airspeed,angle of sideslip,right end left eleven position,
and rudder position. In additim, the followingquantitiesare teleme-
tered to a grvund station: normal acceleration,altitude,airspeed,
right and left eleven position,and rudder position. AU of the records
are correlatedby a commontimer.

The recordingairspeedand altimeterare conngctedto the airspeed
head on the verticalfin. A calibrationof t~s installationhas not
yet been made.

REWLTS ANDDISCUSSJDN

During this flight, the pilot took a record of the tak=ff, a
record in the air where the speedwas chemgedPram approximately
250 miles per hour to 275 miles per hour ezxlthence to 225 miles per
hol~ indicatedairspeed,and a record of the landing. Due to a failure
of the telemeter,no recordwas obtainedof normal acceleration. The
data presentedthereforewere taken only from steadyflight so that it
could be reasonablyassumedthe atiplanewas at lg normal acceleration.

A measure of the stick-fixedstab&ity is shuwn in figure 3 where
6
‘L + ‘R, is pldted against indicatedthe longitudind.controlangle, —

2
airspeed,Vi, and normsl-forcecoefficient. These data shm that in

the cleem conditionthe airplaneis slightlyunstable as.shownby en
upward deflectionof the controlrequiredf~ increasingspeed. The
pilot statedthat it was impossibleto tiim the airplanein the cle.am
condition. With gear down the airplaneis stablefor both cente~f-
gravitypositions. Thare is an indicationthat there may be some insta-
bility at high noxnsl-forcecoefficientstith ths ge= d-. However~
the data at 145 mtles per hour were obtainedin the landing approach
justbsfore contactso there may be some effects of the proximityof
the ground on these data. Although these data are rather sketchy,they
iniicatethat the center of gravity shouldbe moved forward.

Figure 4 shows a time history of em eleven smd rudder distubtance
just after tslm+ff. As noted in the figure, a portion of the
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left+ levon-positionrecord was not obtaimd. This record gives an
indicationof the relativeeffectivenessof the rudder control,a
change of about 20° in rudder angle producinga cbmge of 6° in sideslip .
angle. The pilot statedthat the rudder caatrol seemedto have COP
siderablelag and the motion of the controlwas too slow. Figure 4
shows that ths rate of rudder motion was about 25° per second,which
rate is considerablyslower then the rate at which a pilot is able to
move the rudder pedals. Th9 electricalsystemwhich operatesthe
rudder is arrangedto give severalrates of controlmovement corre-
spondingto the rate at which the pilot movBs the pedals. The rate of
25°.per second is the msximumyate that is availableto the pilot at
the present. The flight records showed this rate was used in virtually
all rudder applicationsindicatingthat motion to the pedalswas
appliedat a rate of 25° per second or greater. During the first
attemptfor take-off,it was also indicatedthat this rate of rudder
movemmt is too SIUW for maintainingdirectionalcontrol.

The pilot reportedexcessivefricticm in the eleven controlsystem
which is an irreversiblehydraulicsystemwith artificialfeel for the
pilot. He also reportedthat the aileronfarces seemed very heavy
relativeto the elevatorforces which on occasiancausedhim to apply
elevatorcontrolas well as aileronwhen attmpting to move only the
ailerons. Since the aileronforces are about normal it is believed
that the pilot was given this impressionby the excessivelylight
elevatorforces. Since the elevator-forcesystem depen@ primarily
upon elevatorposition,it could be expectedthat with a change in
cente~f~avity locationsufficientto ~ovids adequatestick-fixed
longitudinalstability,the ailer~levat~ farces would be pro-
portionedsatisfactorily.

lMpection of the sidesliprecords shuwedno evidenceof snaking
oscillation“overthe range of speeds covered.

CONCLUSIONS

?&on data obtainedduring the first flight of the X4 nuniber1
airplane,it is indicatedthat:

1. The airplaneis slightlyunstable,stick ftied, with the center
of gravity at 22.4 percentmean aerodynamicchard tn the cleen conditia
and at high lift coefficientsin the gead.cmn~ flaps+p condition.

2. The maximumrate of’rudder mmemant, 25° per second,is unde-
sirablylow.
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3. There is no indicaticm
range covered.
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of a snakingoscillationover the speed

%

4. ‘I’Mrudder effectivenessis low in the ge~uwn, lm+speed
condition.

LangleyAeronauticalLabaralxx?y
National.AdviscryCommitteefor Aeranatiics

LangleyAir Force Base, Va.
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TABLE I
.
0

PHYSICALCHARACIERISIIICSC@ X4 AIWLANE

-“ : 2 Westinglmme J-30+E-7+
Rating (each) 16OO pounds static thmst at sea level

Weight for acceptancetests, pounds:
Maximum 24o gallonsfuel 7050
Minimum (10 gal fuel trapped) 5670

.

Wing loading,pounds per squm-e foot:
Meximum 35.2
Minimum 28.3

Center-of-gravitytravel (firstflight)
PercentMAC:
Gear down, full load 22.5

empty 20.2
@a Up, ftil load 22

empty 19.7

Height, over all, feet 14.83

length, over all, feet 23.25

wing :

wing

:

Dive

Area, squaxefeet
SW, feet
A&foil section
Mean aerodynamicchord,feet
Aspect ratio
Root chord,feet
Tip chord, feet
Taper ratio
Sweepback (leadingedge), degrees
Dihedral (chordplane), degrees

flaps (split):
Area, squarefeet
Span, feet
Chord, percentwing
Travel, degrees

brake dimensions
Travel, degrees

as

200
26.83
0010-64
7.81
3.6
10.25
4.67
2.2:1
41.57
0

16.7
8.92

chord 25
30

flaps
+ 60



NACA F1’1No. L9A31 SECRET

TABLE I – Continued

Elevens:
Area (total),squarefeet 17.20
Spare(2 elevens),feet 15.45
Chord,Fercentwing chord 20
Movement,degrees u-p-35

Operation

Verticaltail:
Area, square
Height,feet

Rudder:
Area, square
Span, feet

D-m - 25
H@raulictith electricalemergency

feet 16
5.96

feet 4.1
4.3

Travel, degrees 30
Operation Electrical,h case of electrical

failurezwld.ercan be locked
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Figure 1.– Photographsof X4 airplane.
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Figure 2.– Three-viewdrawing of X4 airplane.
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